R esearchers who have studied human memory have found that pictures are remembered better than words (Paivio, Rogers, & Smythe, 1968) . This phenomenon is known as the picture superiority effect. This effect is exemplified when participants are presented with a picture of an apple or the word apple, and, when given a memory test, they recall the picture more often than the word. The fact that memory for pictorial stimuli is superior to that of verbal stimuli implies that pictures have some quality that renders them easier to remember than verbal material, even if said material is equal in detail (Joseph, Waln, & Stone, 1984) . The picture superiority effect has been observed across varied memory tests including free recall (Joseph, Joseph, & Beasley, 1982; Paivio & Csapo, 1973) , cued recall (Intraub & Nicklos, 1985; Nicolas, 1995) , and recognition (Durso & Johnson, 1980; Hockley, 2008) . However, evidence has also shown how the effect can be reversed and/or eliminated (Weldon & Roediger, 1987) . Collectively, prior research has provided important information that can be used to construct viable theories about how human memory works and it is important to conduct further research on the picture superiority effect to give a clearer and more in-depth understanding of memory processes.
Early theories attempting to explain picture superiority focused on the encoding stage of memory. For example, the dual-encoding hypothesis (Paivio, 1971) assumed that pictures are remembered better than words because they are encoded twice, once in image form and again in verbal form. Another model, proposed by Nelson, ABSTRACT. The present experiment looked at how encoding and retrieval influences the picture superiority effect, a phenomenon that is demonstrated when pictorial stimuli are remembered better than verbal stimuli. The purpose of this experiment was to test a systematic approach for developing stimuli to be used in the recognition test. In this experiment, participants studied a list of words and a list of pictures. They were then given an implicit memory test in which they were presented with the degraded form of all the pictures and words they had studied before, creating conditions whereby items studied would either be congruent or noncongruent. A significant main effect for congruency was realized for both reaction time, F(1, 26) = 49.05, p < .001, η 2 p = .65, and correct identifications, F(1, 26) = 18.00, p < .001, η 2 p = .41. The results also revealed an interaction for both the reaction time, F(1, 26) = 30.12, p < .001, η 2 p = .54, and proportion of correct identifications, F(1, 26) = 38.94, p < .001, η 2 p = .60. The word-congruent condition had the highest proportion of correct identifications and the shortest reaction times, and the word-noncongruent condition had the longest reaction times and the lowest proportion of correct identifications. These results indicated that picture memory is not influenced by congruency, but word memory is affected greatly by congruency. Further research in this area could lead to evidence to support a better theory of human memory. Reed, and Walling (1975) , introduced the sensorysemantic model of memory, which posits that the strong sensory code and sensory distinctiveness makes pictures stand out in a participant's mind more than words and produces superior recall when compared to words.
Eventually, researchers moved toward explaining the picture-superiority effect through examining the retrieval stage. For example, Weldon and Roediger (1987) conducted four experiments in which they focused their attention on memory retrieval. In doing so, they gathered support for the transfer-appropriate processing model of memory. This model posits that, if encoding and retrieval cues do not match, recall will be diminished. For instance, when participants read words during a study phase, they have greater recognition for the words at test if they are presented in visual form as opposed to an auditory form. Weldon and Roediger's first experiment demonstrated how altering the retrieval demands can reverse the picture-superiority effect. Participants studied either words or pictures and then completed a word-fragment completion task (an implicit memory task). The participants who had studied pictures completed fewer word fragments than participants that received words to study. Thus, picture superiority was changed to word superiority by only changing the retrieval task. Such findings supported the transfer-appropriate processing model of memory.
Those who support the transfer-appropriate processing model have contended that the picture superiority effect is eliminated because study and test tasks do not match either physically or conceptually. In other words, when conducting a priming task, the type of stimuli given at study must match those given at test or picture superiority will not be realized. The matching of encoding and retrieval tasks and stimulus mode at study and at test is called congruency and several studies supported the notion that congruency is an important factor in bringing about the picture superiority effect (Sternberg, 2006; Weldon & Coyote, 1996; Weldon & Roediger, 1987; Weldon, Roediger, & Challis, 1989) .
However, congruency is only one factor that contributes to picture superiority. The kind of retrieval task and how the task is constructed can affect whether the effect is produced or eliminated. When conducting their fourth experiment, Weldon and Roediger (1987) used word-fragment completion and picture-fragment identification tasks that were thought to be equally focused on the perceptual characteristics of the stimuli. However, the word-fragment tasks were different because they omitted whole letters from the words, whereas the picture-fragment tasks degraded the picture by eliminating parts of it. Word fragments and picture degradations may not be equal in perceptual characteristics. In fact, it has been suggested that the method by which the researchers created their retrieval tasks was flawed because they were not equally degraded (Sternberg, 2006) . Sternberg (2006) recognized that removing letters from a word was not a perceptually based change, and he conducted an experiment in which he attempted to remedy the flaw in methodology. To degrade his pictures and words, he removed a strip of the item from the top and the bottom and the participants had to determine if the remaining strip had been reversed or not. He found that participants in the picture-congruent condition had a higher rate of identifications than those in the word-congruent condition. However, it is possible that Sternberg did not find a picture superiority effect when using degraded pictures because of the methodology he used to degrade the pictures.
There is a way to systematically create picture degradation in a manner that is consistent with the word degradation by using the recognitionby-components model of image processing. Biederman (1987) composed a theory known as recognition-by-components to attempt to explain how this happens. This theory was based on the premise that individuals see things in parts and put them together to form whole objects. The components are called geons, and they consist of simple compositions of concavities, vertices, edges, and other nonaccidental properties (i.e., edges that do not change with orientation). Humans put these geons together implicitly to recognize more complex three dimensional objects. It is the components that make up the geons such as the concavities and nonaccidental properties, which are essential to the process by which humans integrate the geons and subsequently recognize the object. Without those properties, object recognition could not take place. Biederman and Cooper (1991) discovered that a lack of crucial components such as concavities and nonaccidental properties led to longer identification reaction times and more identification errors.
The present experiment used these findings to find a more accurate way to degrade pictures and address Weldon and Roediger's (1987) flawed methodology. Systematically degrading pictures and words equally by removing the concavities and nonaccidental properties was expected to ensure that the picture identification task was truly equated to the word identification task in terms of recognizability based on surface features because only the perceptual properties of the stimuli would be altered.
The present study also explored what role congruency plays in the picture superiority effect. Weldon and Roediger (1987) specifically explored the congruency factor in one of their experiments. In one experimental condition, they gave participants who had studied pictures word-fragment completion tasks at test. Therefore, the modes of the presentation stimulus were not similar between study and test. In doing so, they found that pictures did not prime for degraded words and words did not prime for degraded pictures.
Due to the findings by Weldon and Roediger (1987) and Sternberg (2006) , it is clear that congruency and retrieval tasks that equally focus on the perceptual features of the stimuli are both important to producing picture superiority on implicit recognition tasks. The present experiment aimed to determine whether an implicit task could result in the picture superiority effect if the task was constructed correctly. In the experiment, two factors were manipulated: the mode of the stimuli, pictures or words, presented at study and at test, and whether the stimuli were congruent at study and at test. The pictures and words were intact at study and degraded at test, and the participants were asked to identify them. The accuracy with which the object or word was identified in its degraded state was measured along with the time it took (reaction time) for the participants to recognize the degraded image.
A main effect for picture superiority was hypothesized in that participants in picturecongruent and picture-noncongruent conditions should perform better (a higher proportion of correct recognitions and shorter reaction times) than the participants in word conditions. There should also be a main effect for congruency, which would be achieved when the stimuli matched at study and test. We expected that the participants would perform better when the stimuli matched at study and test. Finally, we hypothesized that an interaction would occur whereby the picture-congruent condition would show the highest recognition score and best reaction time when compared to all other conditions. However, we predicted that the word-noncongruent condition would show the poorest performance (the lowest proportion of correct recognitions and the longest reaction times) when compared to all other conditions. The interaction was expected to occur because picture superiority and congruency both work in favor of the picture-congruent condition, whereas neither of these factors existed in the wordnoncongruent condition.
Method Participants
Participants were 39 undergraduate students from introduction psychology classes at a private southeastern university. Twenty-seven participated in the experiment and 12 participated in the preliminary norming task. Six participants in the preliminary norming task and six participants in the experiment participated voluntarily after being invited by the researcher. The remaining 27 participants received one credit toward their grade in introduction to psychology for their participation. All participants were 18 years old or older and had normal or corrected vision. The average age of the participants was 19.9 years (SD = 1.9). Of the 39 total participants, 12 (31.9%) were men and 27 (69.2%) were women. Most participants were European American (n = 19, 48.7%). The remaining participants were African American (n = 11, 28.2%), Asian (n = 8, 20.5%) and American Indian (n = 1, 2.6%).
Design
A 2 (picture, word) x 2 (congruent, noncongruent) within-subjects design was employed in the present experiment. The independent variables were stimuli mode and mode congruency. The dependent variables were reaction time and number of correct identifications.
Materials
A list of 80 words and pictures were selected from the Snodgrass and Vanderwart (1980) corpus to use in the study and test phases. The pictures were 40 simple line drawings of common objects such as a balloon or a tomato, and the 40 words were the names of these pictures.
Preliminary norming phase. Fifty pictures and the corresponding 50 words (100 items) from the 260 were selected from Snodgrass and Vanderwart (1980) . These 100 items were degraded based on Biederman's (1987) . Then it was magnified, and the eraser was used to remove the vertices and the parts that were concave. To degrade the verbal stimuli, the entire alphabet was typed in capital letters in 72-point Arial font into a text box in the paint program. Then the eraser was used to remove the concavities and the vertices of all the letters. The letters from the degraded alphabet were put beside each other to make the degraded words (see Figure 3 for examples of degraded images).
The participants for the preliminary norming task were presented with these degraded images on the computer screen. The participants were not primed for these images, and they were asked to identify them. The usable images were selected from the pictures that had between 50% and 83% recognizability during the preliminary norming phase (the center of the distribution). From these images, reaction times that were identified as outliers because of extreme scores that were far greater than the other scores were removed. The final 20 pictures had an average of 71.65% recognizability. Ten of these pictures were chosen to be in picture form during the study phase and the other 10 were selected to be in word form. During the study phase all participants saw the same pictures and words, but they were presented in a different random order for each participant. The 20 pictures and the corresponding 20 words were used in the test phase of the actual experiment. Another 40 items (20 pictures and 20 words) were used as distracter items during the test phase. The recognizability for the remaining 20 items (10 pictures and 10 words) was not considered because they were used during the delay test task.
Study materials. Participants studied the list of 10 words and 10 pictures that were selected during the preliminary norming phase. The pictures and words were unrelated. Only the pictures and words that were normed for recognizability in the degraded form were used in the study task. At study, the stimuli were clear and free of degradation.
Test materials. At test, the participants were presented with the same list of 10 words and 10 pictures that they received at study. However the words and pictures were presented twice, once in word form and once in picture form, in a random order. At test, all items were degraded. Forty distracter items were mixed in with the test items. The distracter items were degraded in the same way as the other test items but their ability to be recognized was not considered because these stimuli were not primed. All of the participants received the same list of degraded pictures, words, and distractor items. Each list was presented in a different random order.
Delay test task stimuli. The participants were given a delay test task so that they would not become aware of the fact that the experiment was focused on memory. During the delay test task, participants were presented with 20 images that were degraded in the same way as the test stimuli. These 10 pictures and 10 words appeared nowhere else in the experiment. These stimuli were presented for 5 s per item with an interstimulus interval of 1 s.
Apparatus
Study and test items were presented on 17 in. monitors of Dell Optiplex ™ 760 desktop computers. The instructions and the stimuli were presented using the computer software MediaLab ™ . To take the most accurate reaction times, computer software called DirectRT ™ was employed.
Procedure
Participants entered the computer lab and sat at a computer of their choice. They were given instructions that asked them to read words and view pictures that were presented on the screen. They were not informed that they would be given a memory test. The participants were told that they were being tested on object recognition. During the study phase, participants were shown a list of 10 pictures and 10 words, randomly presented. The items were presented at a rate of 5 s per item with an interstimulus interval of 1 s. After the study phase, participants were given the delay test task in which they were presented with and asked to identify a set of degraded pictures and words. Finally, the participants were randomly presented with the test items and distracter items for identification. The study, delay, and test phases were presented continuously, one after the other.
During the test phase, the participants' task was to identify the degraded item by typing their response into the computer. At the first key stroke of their response, the reaction time for the item was recorded. The computer program also recorded the actual response. Participants responded to all of the stimuli in less than 30 s, and all of the responses are included in the results.
When calculating the proportion of correct responses, any word that exhibited a typing error was still counted as correct if the word appeared to be correct despite the error. Also, synonyms were counted as correct in the picture conditions. For example, if the picture was of a couch and the participant typed sofa, the response was recorded as correct. Synonyms were not counted as correct in the word conditions because, if the participant saw the degraded word couch and typed sofa, it would be incorrect to identify the word read as sofa. After the completion of data collection, participants were debriefed. All procedures were approved by the university's institutional review board.
Results
To determine the effects of stimulus mode and mode congruence on the participants' ability to identify degraded images, the mean reaction times and the proportion of correct identifications were measured. The scores from the proportion correct data could range from zero to one. The data were analyzed to test the three hypotheses: a main effect for picture superiority, a main effect for congruency, and an interaction effect. A two-way repeated measures Analysis of Variance (ANOVA) was employed to analyze the reaction time data. A second two-way repeated measures ANOVA was employed to analyze the correct identification data. The alpha level was set at .05.
All of the participants' reaction time data for each identification task were analyzed for outliers. Because reaction time analyses are sensitive to long reaction times (Ratcliff, 1993) , all reaction time values whose distance from the nearest quartile was greater than 1.5 times the interquartile range were removed. Then the mean reaction times for each participant were computed across conditions. The means for each condition were then computed. These results are displayed in Figure 1 .
The picture-congruent condition (M = 2,890, SD = 489) had a slower mean reaction time (in ms) than the picture-noncongruent condition (M = 2,710, SD = 576). The word-congruent condition (M = 2,481, SD = 555) had a faster mean reaction time than the word-noncongruent condition (M = 3,231, SD = 631). The results of the ANOVA showed a significant interaction, F(1, 26) = 30.12, p < .001, η 2 p = .54, and a significant main effect for congruency, F(1, 26) = 49.05, p < .001, η 2 p = .65. There was no significant main effect for stimuli type, F(1, 26) = 0.88, p = .36, η 2 p = .03. To investigate the interaction further, a series of paired-samples t tests revealed a significant difference among all pairs of comparisons except between the picture-congruent and picture-noncongruent conditions (see Table 1 ). The significance level was split between the six tests to control for Type I error using the Bonferroni correction method for determining significance.
Mean accuracy across conditions was also analyzed. Figure 2 Given that a similar pattern of results was found for proportion correct scores, once again a series of paired-samples t tests, using the Bonferorroni correction, was calculated to further understand the interaction. The tests revealed a significant difference between the means of the picturecongruent condition and the word-congruent condition, the picture-congruent condition and the word-noncongruent condition, the picture-noncongruent condition and the word-noncongruent Degraded Image Identification | Brundage and Barile-Spears condition, and the word-congruent condition and the word-noncongruent condition. There was no significant difference between the means of the picture-congruent condition and the picture-noncongruent condition, or the picture-noncongruent condition and the word-noncongruent condition (see Table 2 ).
Discussion
The transfer-appropriate processing model of memory posits that changing the retrieval task will eliminate or reverse the picture superiority effect (Weldon & Roediger, 1987) . In the present experiment, this model of memory was examined further. The purpose of this study was to show that a picture superiority effect could be produced when using an implicit memory test if the images were degraded properly. Prior research had no theoretical support for the ways in which they degraded the images used in their experiments. However, the present experiment used the theory of object recognition (Biederman, 1987) as the theoretical bases of degrading the images. By removing the concavities and the nonaccidental properties of both the words and pictures, all the images were degraded based on their perceptual properties and not their conceptual properties.
The results showed that congruency in the picture condition had little effect because the participants' performance did not differ. However, the results also showed that congruency was the defining factor in the word condition. This was evidenced by the fact that the word-noncongruent condition yielded the worst performance of any of the conditions. Conversely, the word-congruent condition yielded the best performance. Thus, these data demonstrated that congruency could be the key factor that determined whether participants in these conditions were able to remember the previously viewed stimuli.
Another explanation for the performance in the word-congruent condition could be that reading processes operate differently than picture processing. Because reading is an automatic process, the word matched condition performance was at an advantage. In fact, Carr, McCauley, Sperber, and Parmelee (1982) suggested that word naming and picture naming are fundamentally different in terms of processing mechanisms. They contended that word naming is a perceptual process and that picture naming uses the semantic route to identify pictures. Thus, words are read faster because they are able to bypass semantic processing, accounting for the better performance in the word matched condition in the current study. It is evident that, once congruency was removed, the participants' performance suffered significantly. Thus, the main effect for congruency that was exhibited for both dependent measures might only have been an artifact of the interaction.
These results demonstrated that degrading images by removing concavities and nonaccidental properties had a significant effect on the participants' ability to quickly and accurately identify the pictures and words. Although the main effect for pictures versus words was not significant for the reaction time data, the post-hoc t tests revealed that the picture-superiority effect was still realized. This was because the pictures, after participants were primed for them, were easy to identify regardless of whether they were congruent or noncongruent at test. The pictures clearly presented sensory properties that allowed them to be remembered efficiently. Nelson et al. (1975) first posited that pictorial stimuli stand out in participants' minds more because of the distinct properties of the image. The pictorial images in the current experiment evidently stood out in the minds of the participants more because participants had better memory for the pictures. This finding suggested that picture superiority is important and has a great effect on the memory of participants that it overrides the congruency manipulation. Despite the fact that pictorial stimuli had a clear effect on the participants' ability to remember a presented image, the present study, like the studies of other researchers (Sternberg, 2006; Weldon & Coyote, 1996; Weldon & Roediger, 1987) , did not produce a true picture superiority effect. This effect would only be exhibited if both the picture conditions (congruent and noncongruent) had better results than both word conditions. However, the effect was not totally eliminated. The influence of the pictorial stimuli was still strong enough to get better results than the word-noncongruent condition and the picture superiority effect was not reversed.
The main limitation of the present study was the sample size. Having only 27 participants in the actual experiment likely influenced the results of the study. If the sample size had been larger, a true picture superiority effect might have been achieved. Having only 12 participants in the preliminary norming phase might have influenced the recognizablity statistics for each stimulus.
The results from the present experiment have significant implications for the transfer-appropriate processing model of memory. This theory, first posited by Weldon and Roediger (1987) , states that, if encoding and retrieval cues do not match, recall will be diminished. The results of the present experiment partially supported this theory. The support was shown by the poor performance of the word-noncongruent condition. The mismatched encoding and retrieval cues in this condition did, indeed, diminish the participants' ability remember the stimuli. The theory was not supported by the fact that there was no difference between the two picture conditions. Even when the study and test stimuli were mismatched, the participants' performance for both dependent measures remained about the same. Their ability to remember the stimuli was not significantly diminished by the incongruent encoding and retrieval modes of the stimuli.
Now that it has been demonstrated that congruency has less of an impact on picture memory than it has on memory for words, future researchers Note. * Indicates significance adjusted for using the Bonferroni method.
FIGURE 3

Examples of Degraded Images
Note. These images were used in the test phase of the experiment. They were altered according to the recognition-by-components theory. The images on the left are the pictures before they were degraded. The images on the right are the same pictures that were degraded by removing the concavities and the nonaccidental properties.
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Degraded Image Identification | Brundage and Barile-Spears should conduct follow-up studies to investigate the possibility of creating a true picture superiority effect with an implicit memory test. Creating this effect would produce sufficient evidence to support a new theory of memory that supersedes the transfer-appropriate processing model of memory.
Creating a better theory could lead to a greater understanding of human memory.
